This paper deals with the relationship between grain yield and grain losses during harvest. Measurements were carried out on a combine harvester with axial harvesting device allowing various adjustments to combine harvester parameter settings, such as rotor speed, gap between separator and rotor, fan speed, holes of the upper and lower sieves. Values of harvest losses in combine harvester with custom settings for the given crops were compared with values of losses obtained by a harvester with manufacturer's recommended settings. This paper observes the losses in grains of spring barley and winter wheat crops. All the measurements made showed lower grain losses when the combine harvester settings were customized. In general, custom settings provided quantitative losses lower by 0.198% than settings recommended by manufacturer.
For sustainable agriculture, the main challenge is to satisfy the growing demand for food as a result of the growing population, global climate changes (Kahil et al., 2015) and overall water resources management based on its consumption and environmental utilization (Elliot et al., 2014) . The world's most cultivated crops are cereals (maize, rice, wheat and barley). Barley (Hordeum vulgare L.) is widespread throughout the entire world and interest in its use is currently increasing due to its importance for human nutrition (Lahouar et al., 2012) , mainly due to the high content of vitamin E, beta-glucan and fibre (Do et al., 2015) . Another advantage of barley in comparison to wheat lies in its ability to provide high yields even when grown under stressful conditions such as relative drought (Wahbi and Sinclair, 2005) , higher salinity or generally poor soil quality (Kaniewski et al., 2012) .
Modern and efficient use of all available options is a necessary prerequisite for increasing productivity in agriculture, in which the number of workers is decreasing. For example, the number of agricultural workers decreased by 25% between 2000 and 2009 in the European Union (EU27) (Eurostat, 2010) . Therefore, improving efficiency is one of the most important tasks for agricultural mechanization (Kutzbach, 2000) . This is especially true for the efficiency of transport activities, which are characterized by high intensity in agriculture (Dimitrov et al., 2012) .
By adjustment and modification of the combine harvester basic parameters, the efficiency of machine can be increased, resulting in reduction of operating costs. For example, automatic guidance systems for combine harvester increase its seasonal performance, precision and safety (Coen et al., 2008) . Furthermore, these systems reduce operator workload and operator is able to concentrate more on harvesting process (Gerrish et al., 1997) .
The parameter of harvest losses represents one of the determining efficient harvest parameters. Not only do these losses reduce the profits of farmers but also partially nullify the breeders' efforts to get rid of the grain to disperse seeds (Ibanez et al., 2014) . Consequently, harvest losses play a role in other environmental processes, such as the problem of nitrogen loss from soil system (Jones and Dalal, 2017) . Harvest losses also facilitate the spread of unwanted pests, such as insects, which are considered one of the largest cereal pests (Alonso-Amelot and Avila-Núñez, 2011). For example, in dry soils in northern Spain, the harvester ant Messor barbarus causes 0.2% of grain yield losses during sowing and another 0.6-9.2% of losses during cereal growth (Baraibar et al., 2011) . In addition, harvest losses can help Fusarium spores to survive, resulting not only in reduction of the cereal yield but also in contamination of grain with their mycotoxins (Pleadin et al., 2013) .
On the other hand, harvest losses are also useful e.g. for birds as a food source (Robinson and Sutherland, 2002; Wilson et al., 1999) .
Very good setup of the combine harvester is the most crucial prerequisite for reduction of the amount of harvest losses. Although combine harvester manufacturers provide recommended settings for every crop, these settings are based on average crop yields and average state of the undergrowth. Conditions during the harvest, especially the state of undergrowth, are usually not average, so with respect to the given conditions, the custom settings of the combine harvester provide an opportunity for reduction of harvest losses. Comparison of the harvest losses between manufacturer's default settings and custom settings based on operator's experience with the given crop and field is shown below. Acta Technologica Agriculturae 3 Nitra, Slovaca Universitas Agriculturae Nitriae, 2018, pp. 105-108 Martin Šotnar et al.
Experiments were carried out on the axial-flow combine harvester AXIAL CASE IH 9120.
Method for determination of harvest losses
The measurement of quantitative grain losses was made by comparison of the biological grain yield from the area of 1 m 2 and grain losses during harvest, also from the area of 1 m 2 . For determination of biological yield (M b ), six squares with a side of 1 m (the area of 1 m 2 ) were randomly chosen on each field. Subsequently, the plants from these areas were manually cut off; the grain was separated and weighed. Biological yield (M b ) is the average yield of six plots per field.
To determine the amount of grain losses during the harvest, the area of 1 m 2 was defined by the width of the harvester cutterbar (10.4 m). In order to obtain the space with the area of 1 m 2 with one side based on the width of cutterbar, the second side of the rectangle was calculated as 0.0961 m (Fig. 1 ). All grain (damaged as well) from this area was collected and weighed. Harvest losses (Mg) are the average weight from at least three points for each field. 
Method for comparison of different settings
Two types of settings, recommended by the manufacturer and custom setting based on combine harvester operator's experience, were selected for comparison. Setup parameters for the combine harvester with axial flow were rotor speed, gap between rotor and separator, fan speed and opening of the upper and lower sieve. Measurements were carried out at five fields with different overall grain yields. Two adjoining courses on the field outside the traffic lines were selected. The combine harvester was using GPS navigation for moving on course. Determination of biological yields was performed in close proximity to the harvested area. Course for measurement was 100 m long, and the combine harvester used a constant speed of 4 km·h -1
. This speed was selected for optimal sieve load. Points for measuring of harvest losses according the method for their determination were set at the 25 th , 50 th and 75 th meter (Fig. 2) (cf. Method for determination of harvest losses).
fig. 2 Scheme of experiment setup on the field
The setup overview of the combine harvester parameters for harvesting of spring barley and winter wheat is shown in Table 1 . Custom settings differ from the settings recommended by manufacturer mainly in the gap between basket, rotor and bottom sieve openings (20% and 29%, respectively) for barley. Differences in custom settings for wheat are significantly greater than for barley. The gap between the basket and rotor was increased by 146% and the openings of the upper and lower sieves were significantly changed (42% and 77%, respectively).
Testing was carried out at five fields with different average yields of barley and wheat. Resulting average losses are shown in Table 2 . In all cases, lower losses were observed at material and methods results and discussion 
custom settings for both barley and wheat. Considering the manufacturer's recommended settings, barley grain losses ranged from 0.52 to 0.95%; losses at custom settings ranged from 0.41 to 0.68%. For wheat, losses at recommended settings were from 0.58 to 0.97% and from 0.49 to 0.75% at custom settings. From the results, it is also clear that harvest losses relate to the average grain yield, with an increase in average yield, there is an increase in grain losses. From the graphical representation of spring barley harvest losses (Fig. 3A) , it is clear that the combine harvester settings resulted not only in lower losses but also in the course of their increasing with respect to the average grain yield. In both cases, losses on field with higher average yields were higher; however, in case of recommended settings, there was a sharp, almost exponential increase in yield losses. On the other hand, when custom settings were applied, the increase in losses with increasing average yield was much slower.
For wheat, it is clear from graphical representation (Fig.  3B ) that the custom settings had an effect on overall lower losses, but their increase rate relative to the average yield is basically the same as the increase in losses at recommended settings.
Custom settings based on operator's experience have shown that in order to reduce losses, as many parameters as possible should be taken into account. For example, the gap between the rotor and the separator -if it is set to a small value, it will result in greater grain damage. Damaged grains are then taken away by the air flow from the fan due to their smaller weight, leading to an increment in harvest losses. Another important way how to reduce harvest losses is controlling the forward speed of harvester machine (Isaac et al., 2006) . For better comparison of results, forward speed was constant (4 km·h -1 ) in all experiments. For harvesting of smaller grains, similar in size to weeds, it is advisable to operate not only with the physical and mechanical properties of seeds but also with the biological properties. To solve these problems in the process of separating the sowing material of small seed mixtures, electric field can be applied as an additional working body (Kovalyshyn et al., 2015) .
Conclusion
Quantitative loss values were always lower for custom settings than for the settings recommended by manufacturer. In harvesting barley, depending on the average grain yield from the given field, harvest loss ranged from 0.41% to 0.68% at custom settings, whereas at the recommended settings, losses ranged from 0.52% to 0.95%. For wheat, results were similar. Harvest losses at the custom settings ranged from 0.49% to 0.75%, while losses at recommended settings ranged from 0.58% to 0.97%. Results show that good knowledge and operator's skills with harvesting process as a complex issue are necessary for reduction of harvest losses and, hence, increasing of economic yields, since the recommended settings are provided for average conditions that are not likely to occur.
